INTRODUCTION
There is considerable interest in developing a capability for deep etching in SiC single crystal substrates for applications ranging from via hole formation for power transistors 1,2 to microelectromechanical systems (MEMS).
3 While this technology exists for both Si and GaAs substrates, the much higher bond strength of SiC means that wet etching is impractical and dry etching is limited to relatively low rates. Previous results on reactive ion etching of SiC have employed F 2 -based plasma chemistries such as CHF 3 , SF 6 , CH 4 , and NF 3 with resultant etch rates ≤1500 Å·min -1 . Relatively rough surfaces are often observed under these conditions due to sputtering of the electrode material onto the SiC sample, leading to micromasking. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] With the advent of high density plasma sources, including electron cyclotron resonance (ECR), inductively coupled plasma (ICP), and Helicon, much higher SiC etch rates have been reported. [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] The key advantage of these sources is decoupling of ion energy and ion flux, so that relatively low ion energies can be employed. This reduces the electrode sputtering problem and in addition the plasma chemistries for high density sources generally involve gases that do not A number of F 2 -based plasma chemistries (NF 3 , SF 6 , PF 5 , and BF 3 ) were investigated for high rate etching of SiC. The most advantageous of these is SF 6 , based on the high rate (0.6 µm· min -1 ) it achieves and its relatively low cost compared to NF 3 . The changes in electrical properties of the near-surface region are relatively minor when the incident ion energy is kept below approximately 75 eV. At a process pressure of 5 mtorr, the SiC etch rate falls-off by ~15% in 30 µm diameter via holes compared to larger diameter holes (>60 µm diameter) or open areas on the mask. We also measured the effect of exposed SiC area on the etch rate of the material.
Key words: F 2 -based plasma chemistries, SiC, high rate etching contain CH x because of the extensive polymer deposition that can occur within the source at high applied powers. The absence of these two sources of redeposition onto the SiC generally leads to good surface morphologies. Of the three high density plasma sources, the favored one is the ICP due to its low cost, ease of tuning and scalability to large wafer sizes.
In this paper we report an investigation of ICP etching of 4H-SiC using four different F 2 -based plasma chemistries and we compare these results with previous data in the literature. We demonstrate that under optimized conditions, ICP etching with SF 6 or NF 3 is capable of creating through-wafer via holes in SiC substrates in practical times.
EXPERIMENTAL
The samples used were bulk 4H-SiC substrates (Ndoped, n ~ 5 × 10 17 cm -3 ) with Si face (0001) orientation. These were cleaved into 5 × 5 mm 2 sections for the etch-rate experiments, in which etch depth were established by stylus profilometry after removal of a photoresist mask. The etch rates were found to be independent of whether the Si-or C-face was employed, which is not unexpected given that a strong physical component is present in the etch mechanism. For creation of deep etched features, 3 µm-thick plated Al masks with openings from 30-75 µm were used. A few samples were also contacted on the rear surface with sputtered Ni, which was annealed at 1100°C for 30 sec under N 2 . The front face of these samples was sequentially cleaned in solvents and HF prior to exposure to the ICP discharges. After dry etching for 1 min, Au Schottky contacts were e-beam evaporated through a stencil mask.
The etching was performed in a Plasma Therm 790 reactor with a 2 MHz, 1500 W source. The samples were thermally bonded with heat-conductive paste to a rf-powered (13.56 MHz, 450 W) He backside-cooled chuck. The gases were metered into the chamber through electronic mass flow controllers at a total load of 15 standard cubic centimeters per minute.
RESULTS AND DISCUSSION
In choosing the plasma chemistries for investigation, it is instructive to look at SiC etch rates reported previously in the literature. Table I shows a compilation of dry etch rates for 3C-, 6H-and 4H-SiC in RIE, ECR, ICP, and Helicon reactors with different chemistries. There are two key points evident in this data. Firstly the high density reactors do indeed produce faster rates, and secondly F 2 -based chemistries lead to higher rates than Cl 2 , F 2 , or Br 2 . This is readily understood by examining the relative volatility of the SiC etch products in F 2 -or Cl 2 -based plasmas. Table II shows the boiling points for potential etch products in these plasmas (with the addition of O 2 in both cases, although it is reported that O 2 itself plays no direct role in SiC etching but rather can influence the etch rate through changing the atomic fluorine neutral density in the discharge). While it is understood that the high ion flux in ICP discharges can desorb the etch products before they can be fully coordinated, the boiling points of the complete molecules does give some indication of relative volatility and hence the trend expected for etch rates in the different chemistries. From Table II , it is clear that the fluorinated products are more volatile than their chlorinated counterparts. 
